Energy storage is an emerging technology that can provide flexibility for the electrical power system operation, especially in the conditions of large scale penetration of highly intermittent renewable energy sources. The paper gives an overview of energy storage technologies, giving the main technical characteristics and comparison of different energy storage features, like specific energy and power, price, number of cycles, expected lifetime, etc. Basic requirements for the connection of production and load facilities to the transmission network are described, as well as challenges regarding energy storage transmission grid integration. Finally, worldwide examples of energy storage grid connection projects are given.
INTRODUCTION
Social and political goals concerning environmental protection and stopping the negative trends of CO 2 emissions have resulted with massive renewable energy sources constructions and installations in recent years. Most of them include intermittent renewable energy sources, such as wind power plants and solar power plants, which add significant uncertainty and insecurity into electrical power system operation because of their stochastic nature that before existed only on the consumption side. This uncertainty and insecurity is manifested in increased needs for flexibility sources that are able to offer necessary capacities for electrical power system balancing. Along with renewable energy sources technologies development, development of technologies that are capable to facilitate and stimulate their integration into the electrical power system is being accelerated. One of these technologies is the technology of energy storages. Although the technique of electrical energy storing is being present via pump hydro storage from the early start of electrical power system development, in the context of today's needs, we talk about a series of different technological solutions whose application differs from unlimited power supplies to the daily or several days electrical energy management. These technologies could be the milestone for the further intermittent renewable energy sources integration into the electrical power system.
ENERGY STORAGE TECHNOLOGIES CONNECTED TO THE TRANSMISSION GRID
It is common to divide energy storage technologies for electrical power systems that are used today, or will be used in the future in five subcategories: mechanical, electrochemical, thermal, electrical and chemical.
It is also possible to divide energy storages into three role subcategories according to their technical characteristics: fast reacting storages whose main characteristics are fast response time and small amount of stored energy (max 15 minutes operating time) and that are able to affect power quality and power system stability; power intensive storages that have maximum operating time between 15 and 60 minutes and therefore a good power-energy ratio. They are used for arbitrage and can serve as back-up power systems; and energy intensive storages, that are, as their name indicates, storages of energy that operate in an hour area and are divided into: daily (c.a. 6 hours), weekly (30-40 hours), monthly (168-720 hours) and seasonal (≥720 hours) storage. Their main role is arbitrage and are also used for transmission line investment deferral. Energy intensive storages are also useful in case of transmission congestion relief and black start. Fig. 2 shows the number of installed and planned projects considering their role in electrical power system, while their techno-economic characteristics comparison is given in Tab. 10 in Appendix.
Mechanical Energy Storage 2.1.1 Pumped Hydro Storage
Mechanical energy storages still present the main method of storing energy mainly because of pumped hydro storage (PHS). Working principle of PHS is based on increasing the water potential energy by pumping it at a higher elevation. State-of-the-art technology is the underground PHS which eliminates geographic limitations with storing energy in underground cylinder. Energy is stored when the water is pumped into the underground tank causing the piston rising. On the other hand, electrical energy generation starts when the piston begins to descent causing water flow through the turbine and back to the top of the tank. Technical characteristics of underground PHS are very similar to the conventional one, but somewhat less efficient (75-80%). Although the technology of conventional PHS has been present for years, researchers are trying to find solutions how to improve PHS flexibility to enable secondary regulation in pumping regime, reduce transition time between regimes and how to eliminate geographic limitations [2, 3] .
Compressed air Energy Storage
Another mature technology commercially available is the compressed air energy storage (CAES), more accurately diabatic CAES. Compressing air technology is also possible as adiabatic CAES, isothermal CAES and underwater CAES [4] . The idea is to store (compress) air in underground tanks (usually caves, mines or caverns), as well as in underwater balloons as in the case of underwater CAES, and later use that energy to run the turbine. CAES technology researches are going in the direction of upgrading the existing system with the system for heat storing and it is expected to be realized in the coming years. Adiabatic CAES systems are in demonstration phase still commercially unavailable. As well as in the case of PHS, CAES technology is facing geographical limitations. The main goal in the future is to improve efficiency over the current value of 50%. The idea for the future is to improve the turbomachinery design and maintenance, to form the salt caves, reduce the construction price of the aboveground CAES, improve thermal storages to improve efficiency and integrate CAES with other "green" technologies [2, 3, 5] .
Flywheel
Flywheel (FES) stores their energy in the form of rotational kinetic energy previously taken from an external moment. They represent well-known and very thankful technology because of their fast response time, long lifetime and high energy density. Their major drawback is a high rate of self-discharge. The majority of development, industry and installed capacities of FES are in the USA. Research of FES is going in the direction of discovering better materials for carbon and glass fibre composite flywheels to reduce the cost and improve energy density. Furthermore, engineers are trying to find electrical machines with fewer magnets, as well as magnetic and superconducting bearings for high-speed FES [3] .
Cryogenic Storage
Cryogenic energy storage (LAES) uses liquid air as energy vector and is developed by two British universities (Newcastle on Tyne River and Leeds) with first project presented in 1977. The process of storing energy starts with taking the ambient heat away, which generates liquid air (cryogen) later stored in a tank under low pressure. In generation mode, cryogen is pumped on a high-pressure effecting evaporation and later on turbine where electricity is produced. Process efficiency is improved by 35% when waste heat is reused in the liquefaction process, as well as waste cold in the evaporation process. The advantage of this kind of system is higher energy density comparing to other mechanical storage technologies which leads to smaller power plant surface area. The UK still represents leading LAES developing country which in 2015 started with construction of 5 MW hybrid LAES system with supercapacitors and flywheels. In order to continue with LAES development it is necessary to improve stability of heat/cold storage materials during charge/discharge cycles, improve cryogenic pump and compressor performances and to develop new discharge cycles [3, 6, 7] .
Electrical Energy Storage 2.2.1 Supercapacitor
Supercapacitor (EDLC) stores electrical potential in electrical double layer at the interface between carbon electrodes of a large surface area and liquid electrolyte. Advantages of EDLC include possibility of high power charging and discharging with a response within milliseconds and very small value of capacity loss per cycle, high efficiency (≈95%) and long lifetime which makes them suitable for systems with a high number of charge/discharge cycles. Recent researches are trying to find solution how to enlarge energy density and keep positive EDLC features at the same time. Li-ion capacitor (LCAP) that uses positive electrode similar to the EDLC one and negative electrode which contains partially intercalated lithium is presented as one of the technologies that solves the problem. Projects of EDLC as independent energy storage or support to high energy density storages are in the demonstration phase. Recent researches are trying to find less toxic electrolytes for voltages over 3 V, confirm the concept of asymmetric LCAP systems and the concept of ceramic capacitors with high permittivity dielectric and better understand charge transfer in pseudo capacities [3, 8, 9 ].
SMES
SMES system stores energy in the magnetic field of superconducting coils. Using the fact that superconducting coils have a very small energy loss, SMES offers high power ratings with millisecond response time and efficiency higher than 95%. Novelty among SMES systems are high-temperature superconductors (HTS) which allow operation at higher temperature (up to 320 °C) with a higher magnetic field density (up to 20 T) and even higher efficiency. On the other hand, low-temperature SMES systems (LTS) with rated power up to 10 MW and energy of 20 MWs are already operational (for example in Japan). In order to commercialize SMES technology, significant price reduction is needed. That is exactly the direction in which are the multifunctional hybrid systems (LIQHYSMES) moving, combining SMES technology with liquid hydrogen technology and reducing the losses of hydrogen liquefaction and costs. Researchers are trying to improve characteristics of HTS and MgB 2 magnetic tapes, find new concepts in magnet design and new cooling systems [3] .
Electrochemical Energy Storage
Electrochemical energy storage in electrical power system is actually secondary battery, term related to rechargeable batteries. Charging and discharging process is based on reversible redox reactions. Key factors when evaluating battery lifetime are depth of discharge (DoD), charge and discharge speed and ambient temperature. Term "depth of discharge" is related to the amount of consumed energy from battery (i.e. 0% of DoD means that the battery is full). Modern battery efficiency with millisecond response is in the range from 60 to 95%, depending on charge/discharge conditions. There are two battery subcategories: conventional batteries based on chemical reactions between positive electrode (cathode) and negative electrode (anode) immersed in the cell electrolyte and separated with the separator; and flow batteries which use two liquid electrolytes with different oxidation levels as energy carriers and have ion-selective membrane. Ultimate goals for the stationary battery storages until 2030 are to increase efficiency beyond 90%, reduce cost to < 150 €/kWh (for MW systems) and increase lifetime to thousands of cycles. Technologies like NiCd, NiMH and lead acid batteries are well known and in use for many years, but either because of their toxicity or unfavourable technical characteristics they are not in main focus of further transmission grid energy storage integration. Next to the Li-ion and high temperature batteries as the main technologies, more and more attention is dedicated to the research of flow and metal-air batteries since it is presumed that they could have much better technical features in the future with reasonable price [3] .
Li-ion Batteries
Li-ion batteries represent the fastest growing technology of electrochemical energy storages with positive trends of rapid price reduction. Working principle is slightly different and is called intercalation principle. [10] Generally speaking, cathode of Li-ion battery is made of lithium metal oxide, anode is graphite carbon cell appropriate because of high temperature operation ability (melting point 180 °C) and electrolyte which is either liquid based on lithium salts dissolved in organic solvent, or gel based on polymer films, typically PVDF-HFP, lithium salt and carbonate solvents [2] . Reasons for Li-ion technology attractiveness are: high energy density, high specific power, millisecond response time, low level of self-discharge and high efficiency (85 -97%). There are also some disadvantages like temperature dependent life time and DoD, complexity of BMS (Battery Management System), as well as safety aspect and environmental impact because of flammability and toxicity of some materials used in Li-ion batteries. Some of the Li-ion battery versions are: lithium-nickel manganese cobalt /lithium manganese oxide, lithium cobalt aluminium, lithium iron phosphate, lithium titanate. Recent research efforts are directed towards improving temperature characteristics, increasing the maximum power by using nanotechnologies and specific power by using new manufacturing methods for electrodes and electrolyte. Li-S batteries represent an alternative to conventional Li-ion batteries with advantages like high specific energy, low price and safety, but longer cycle life and lower level of self-discharge still remains to be attained. New materials are introduced: selenium that should replace conventional cathode and thus improve battery life time and capacity, and dimethyl sulfoxide that should replace conventional electrolyte and thus improve battery cycle life. A new generation of Li-ion batteries use solid electrolytes made of grenade type metal borohydride that improve ion exchange because of microcrystal geometry [11] .
NaS and Na-NiCl2 Batteries
NaS and Na-NiCl 2 batteries belong to a group of high temperature batteries. NaS batteries represent mature technology of energy storages in the MW range with first commercial project executed in 2002. They are based on molten sulphur and sodium that form positive and negative electrodes, while electrolyte is composed of solid beta alumina ceramics. In order to stay in a liquid state, previously mentioned materials need high temperature between 290 and 360 o C. Battery itself has a low level of self-discharge at high frequency of charging-discharging change of cycles (as low as 0,05%), due to the fact that the discharging is exothermal and charging endothermal process. However, in order to keep high temperature electric heaters are used at the inner bottom side of the battery which results with high self-discharge level of 20%/day. Another problem for all high temperature batteries is corrosion. An interesting property of this battery is its effect of pulse power delivery, which allows it to deliver more power than nominal in a certain time period (i.e. 500% Pn in 30 seconds). Na-NiCl 2 or Zebra battery uses nickel-chloride or mixture of nickel-chloride and ferrous-chloride instead of molten sulphur for cathode, as well as sodium chlor-aluminate electrolyte in addition to NaS one. Characteristics of these batteries are very similar to the NaS batteries (including pulse power), but the problem is that 12 to 15 hours is needed to again heat up the materials after they were in the solid state. In case of electrolyte fault it won't come to the unwanted reactions as in the case of NaS batteries, but rather physical barrier will appear preventing further reactions [2] .
Chemical Energy Storage
Storing energy in chemical form is based on the transformation of electrical energy to the energy of chemical bonds. Power-to-X (P2X) term unites a series of generic technologies in which transformation of electrical energy from renewable energy sources to hydrogen is carried out. It also offers the option of combination with CO2 for gas synthesis (Power-to-Gas) or liquids (Powerto-Liquid) that can be used as fuels or chemicals.
Hydrogen, which is obtained during endothermal process of water separation into hydrogen and oxygen using electricity called electrolysis, is the only serious option for chemical energy storing. Although the efficiency is relatively low, chemical storages of electrical energy possess the potential to store large amount of energy (TWh) for a longer period of time. Researchers are trying to better integrate electrolyser technology with downstream processes in the sense of cost, efficiency and ability to increase power. Except with electrolysis, it is possible to obtain hydrogen with extraction out of the fossil fuels and with production out of the refinery gas and methane [3] .
Thermal Energy Storage
Thermal energy storages store energy in materials that have the ability to maintain temperature. There are three types of thermal storages: sensible heat storages (SHS), latent heat storages (LHS) and thermochemical heat storages (THS), with temperature ranging from −40 °C to over 400 °C. SHS is the most common way of storing thermal energy in the way in which energy is given/received while liquid or solid medium (water, sand, molten salt, stone) temperature is being changed. LHS uses the heat produced during the material aggregate state change, usually solid into liquid and vice versa, and finally THS is based on chemical reactions and sorption processes where energy is stored as a result of reversible reactions. There are some projects in the Nordic countries, the Netherlands and Germany that use underground tanks when larger amount of medium/heat has to be stored. Further development of materials used in thermal energy storages is needed in order to achieve higher energy density with a goal to reduce necessary surface area [3] . 
TRANSMISSION GRID CONNECTION OF ENERGY STORAGE FACILITIES
Energy storages behave as electric power producers or consumers on connection point, depending on their working regime. Relating to the requirements at the connection point which are different for producers and consumers of electricity, transmission grid connection of energy storage facilities represents the cross section of both types of those requirements. From TSOs point of view, the main challenge is that energy storage connection requirements are still not well defined.
This section will describe in detail requirements for customer connection based on the European Commission (EC) Regulation of 17 August 2016 concerning establishing Network Code on Demand Connection [12] [13] . Mandatory and exhaustive requirements are taken directly from EC Regulations and do not need further national specification, while mandatory and non-exhaustive requirements need to be additionally specified by responsible TSO depending on local power system conditions. Moreover, in the section 3.3 of this paper, main challenges regarding energy storage transmission grid integration are being discussed, all related to the fact that energy storage is an emerging technology in electrical power system and a new player inelectricity market.
Network Rules for Consumers Connection
According to the definition "demand facility" means an electricity-consuming facility connected to at least one connection point to a transmission or distribution system. The distribution system and/or auxiliary power supply of the production modules are not considered as demand facilities.
Demand facilities connected to the transmission grid must (among other things) comply with the following network requirements in the above network rules: -General frequency requirements, -General voltage requirements, -Short-circuit requirements, -Reactive power requirements, -Protection requirements, -Control requirements, -Power quality In addition to the above listed requirements for demand facilities that are connected to the transmission grid, other essential requirements set out in the network rules for the requirements for connecting electricity customers to the grid network (Network Code on Demand Connection) other than those specified in this work.
General Frequency Requirements
General frequency requirements describe conditions in which demand facilities must remain connected to the transmission grid during frequency change and describe frequency ranges and time periods of operation in mentioned frequency ranges with respect to the synchronous area in which they are located (Tab. 1). Time period with an asterisk means that the value should be specified by each TSO (non-exhaustive requirements). 
General Voltage Requirements
The general voltage requirements describe conditions in which demand facilities must remain connected to the transmission grid when voltage changes and periods of operation in mentioned voltage ranges in relation to the synchronous area in which they are located. The general voltage requirements for voltages from 110 kV up to 300 kV excluded are listed in Tab. 2, while for those from 300 kV included up to 400 kV are listed in Tab. 3. Time period with an asterisk means that the value should be specified by each TSO (non-exhaustive requirements).
Short-Circuit Requirements
Short-circuit requirements refer to the maximum value of short circuit current at the connection site that demand facility connected to the transmission system must be able to withstand. The relevant TSO submits to the demand facility owner connected to the transmission system the minimum and maximum short circuit current that can be expected at the connection site.
Reactive Power Requirements
Reactive power requirements refer to demand facilities and distribution connected to the transmission grid. As this emphasis is placed on demand facilities, further descriptions will only refer to demand facilities.
The demand facilities connected to the transmission system must be able to maintain steady-state operation at the connection point in the reactive power range specified by the relevant TSO in accordance with the conditions that the consumption and delivery of reactive power will not exceed 48 percent of the highest capacity for consumption or delivery (whichever is greater) unless the demand facility connected to the transmission grid proves technical or financial benefit for the system, and the authorized TSO accepts it.
Control Requirements
Control requirements related to plans and procedures of the various customer devices connected to the transmission network that are jointly agreed between the customer and TSO, and are important for the system security. Control requirements relate to: isolated operation, damping of oscillation, transmission grid disturbances and automatic circuit-breaker re-closure.
Power Quality
Power quality requirements refer to customer devices connected to the transmission grid requiring that their operation does not cause distortion (voltage and current) or voltage fluctuations. The maximum values of voltage and current distortions at the point of sale of customers are governed by the standards and network rules of individual TSOs.
Network Codes on Requirements for Producers Connection
Unlike electricity consumers, electricity producers directly contribute to the safety of the power system depending on their characteristics and technical abilities of their production modules. This paper briefly describes the most basic requirements to be met by power plants.
According to the definition of the EC, power plants are the facilities that convert primary energy into electricity and which consist of at least one production module connected to the grid at one connection point. The production module is a synchronous module to produce electricity or the module of the power park.
As demand facilities have to meet earlier requirements, same producers must among other, meet certain requirements in order to be able to connect to the transmission power grid. Electricity producers connected to the transmission grid (level at or above 110 kV, type D according to the network requirements for the connection of electricity producers to the grid) must meet, among other required in network rules (Network Code on Requirements for Grid Connection of Generators), the following requirements: -General frequency requirements, -General voltage stability requirements, -Ability to pass through failure requirements
General Frequency Requirements for Production Modules Connected at a Voltage Level at or Above 110 kV
The general frequency requirements for production modules connected at the voltage level at or above 110 kV (type D according to the network requirements for the connection of power producers to the grid) describe the frequency ranges and (shortest) periods of operation in the specified frequency ranges in relation to the synchronous area in which the production module must be capable of working, so as not to disconnect it from the grid. The general frequency requirements are listed in Tab. 4. Time period with an asterisk means that the value should be specified by each TSO (non-exhaustive requirements). 
General Requirements for Voltage Stability for Manufacturing Modules Connected at a Voltage Level at or Above 110 kV
General voltage stability requirements for power generating modules connected at the voltage level at or above 110 kV describe (type D according to the network code on requirements for grid connection of generators) conditions in which power plant facilities must remain connected to the transmission grid during voltage change and during working period in specified voltage ranges in relation to the synchronous area.
The general voltage requirements describe the shortest periods as the power generating module must be capable of working for voltages deviating from the reference values of 1 p.u. at the connection site without causing its disconnection from the network for voltages from 300 kV included to 400 kV in Tab. 5, while the shortest periods as the power generating module must be capable of working for voltages deviating from the reference values of 1 p.u. at the connection site without causing its disconnection from the network for voltages from 100 kV to 300 kV excluded described in the Tab. 6 of this section. Time period with an asterisk means that the value should be specified by each TSO (non-exhaustive requirements). Table 5 Producers voltage ranges and time periods for voltages from 300 kV included to 400 kV [13] 
Requirements for the Ability to Pass Through Failure for Production Modules Connected at a Voltage Level at or Above 110 kV
Requirements for the ability to pass through the failure of a production module connected at a voltage level at or above 110 kV describe (type D according to the network rules for the requirements for connecting electricity producers to the grid) describe the time and voltage parameters that must meet the synchronous manufacturing modules to "stay" on the network when a network failure occurs. Fig. 4 clearly illustrates the diagram of the production module passing through a fault condition in the network. 
Challenges Regarding Energy Storage Transmission Grid Integration
Challenges regarding energy storage transmission grid integration refer to the technical and regulatory challenges. On the one hand, the development of energy storage technologies requires additional innovation and breakthrough in capacity, long-lifespan, high-security for electrochemical storage and low-cost. Simultaneously, it is necessary to focus on energy storage simulation modelling and operational optimization from theoretical point of view [14] . On the other hand, regulatory challenges relate to each country separately, but according to Eurobat [15] there are five key barriers preventing energy storage deployment in Europe: a) lack of definition of energy storage and double grid fees; b) unclear ownership rights; c) value streams of ancillary services; d) curtailment and balancing responsibilities; e) electricity pricing. The EC gave guidelines in the Electricity Directive facing stated problems in order to encourage European countries to include rapidly growing energy storage technology into their national grid codes. First problem refers to the fact that energy storage is not recognized as a "new asset" in the electricity grid. In the Electricity Directive from February 2017 [16] a new definition of energy storage is proposed stating: "energy storage" means, in the electricity system, deferring an amount of electricity that was generated to the moment of use, either as final energy or converted into another energy carrier. The second problem is that energy storage connected to the transmission system in some countries pays both generation and demand system charges on discharging and charging respectively. Since it is considered as a big disadvantage in comparison with generation providing similar services, it is proposed that only one charge should be paid. Two options were proposed in the UK: a) define storage as import/export Balancing Mechanism Unit (BMU) irrespective of their actions in any particular settlement period and net off opposite flows; b) charge balancing services use of system based on gross import or gross export. It was also suggested to remove transmission residual demand charges for standalone storage or storage co-located with generation assets [17] . Another problem is related to ownership of storage and provision of ancillary services by TSOs. On the one hand, in the Electricity Directive it is stated that TSO shall not own, manage or operate energy storage facilities and shall not own directly or indirectly control assets that provide ancillary services. On the other hand, TSOs can own, manage or operate storage facilities or assets providing non-frequency ancillary services if: a) there is no interest from other parties; b) facilities are necessary for the efficient, reliable and secure operation of the system and they are not used to sell electricity to the market; c) the regulatory authority has assessed the necessity of such derogation taking into account the conditions under points a) and b). However, they have the obligation to perform at regular intervals or at least every five years a public consultation for the required storage services in order to assess the potential interest of market parties to invest in such facilities and terminate its own storage activities in case third parties can provide the service in a cost-effective manner. In that way, storages that are able to provide system services are rewarded. Detailed clarification of derogation clauses is still needed. In order to eliminate possibility/incentives to curtail, the EC in the Electricity Regulation document [18] states that the provision of market-based resources will be open to all generation technologies, including storage. Furthermore, all market participants shall be responsible for imbalances they cause in the system and electricity prices shall reflect actual demand and supply. There are a few examples of countries that have successfully adapted their energy markets to effectively allow energy storage to prosper, i.e. Italy allows the TSO to develop and manage distributed storage facilities and storage systems in order to increase the dispatch of intermittent generation.
WORLDWIDE EXAMPLES OF TRANSMISSION GRID CONNECTION OF ENERGY STORAGE
In this section overview of the worldwide examples of transmission grid connection of energy storage is given. The overview includes hitherto operational projects, as well as projects which still need to be connected to the grid (contracted, announced and under construction projects).
As mentioned earlier, dominant technology regarding the connected power is the technology of PHS with 184 GW, followed by thermal energy storages with 3,21 GW, electrochemical storages with 1,64 GW and finally group of electrical and mechanical storages other than PHS with 1,37 GW. Leading technology regarding number of future projects as well as a future power to be installed on the electrical power grid is the electrochemical energy storage technology with a power of 1,07 GW. Leading countries regarding hitherto operational projects are China, Japan and USA, while USA leads with planned projects and planned power with 7,5 GW and 164 projects. Looking from European perspective Germany, Italy and Spain are the countries with the most of the operational projects, and that trend will probably continue in the future. Considering transmission grid, the most interesting storages are energy intensive and power intensive storages, according to Fig. 3 . Projects that refer to fast reacting energy storages are mainly in a lower stage of development when connection to the transmission grid is taken into account and the practice is to combine them with storages possessing a higher amount of energy into hybrid projects. A few larger projects without PHS that are, or will be connected to the transmission grid in the future are given bellow [1]. 
CONCLUSION
In this paper overview of energy storage technologies is given and their techno-economic characteristics are compared, as well as different transmission grid connection requirements regarding production and consumption grid assets. Moreover, some of the major challenges that need to be considered in order to increase energy storage integration into the transmission grid are discussed. Finally, significant worldwide installed and planned energy storage projects are presented. 
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